A wild yeast, Candida utilis ATCC42402, was found to secrete a glucomannan together with invertase on the consumption of sugar from the medium.The glucomannanin the culture filtrate was readily separated from the invertase by DEAE-cellulose chromatography. The crude glucomannan thus obtained was fractionated on a column of DEAE-SephadexA-25 into several types of molecular species. The fractions were characterized by their sugar and amino acid composition which showed a tendency for an increasing mannose/glucose ratio, (1.66~5.74) coincident with greater amounts of the proteinous moiety (0.6~6%). One fraction from the DEAESephadex A-25 separation, which was distinct from the other fractions in its lack of glucosamine as a component, showed a high homogeneity (M.W., 7.4x 104 Sw 2o=6.ll S).
Microbial polysaccharides, such as fructan, glucan and mannan, from different origins, have been studied extensively.1~3) Most of these polysaccharides were componentsof the cell walls, and recently the cell wall polysaccharides of Candida utilis have been studied.40 During the study of the production of invertase by Candida utilis it has now been found that the yeast produced a mixture of extracellular glucomannan along with the invertase. The glucomannan thus produced was found to differ from the cell wall glucomannan of Candida utilis.
The present report describes the purification of the glucomannanand such production pattern characteristics as the compositional heterogeneity of the constituents, and their molecular weights. The purification of the glucomannan is also described. The following paper deals with the structure of Fr. 2, which is representative of the purified fractions of the glucomannan.
MATERIALS AND METHODS
Strain and culture method. Candida utilis ATCC 42402 was used exclusively throughout this study. The culture medium for the yeast contained 5.0% glucose, 1.9% polypeptone, 0.35% (NH4)2SO4, 0.15% each of urea and (NH4)2HPO4 and 0.1% each of KC1 and MgSO4-7H2O. Batches of the yeast were grown in 10-13 liters of this medium using a 20 liter fermenter with 2~2.3kg/cm2 of airation at 28°C for 72hr.
Preparation of the glucomannan. The combined (total 66.7 liters) culture filtrate was treated with an equal volume of cold acetone. The precipitate which formed after being allowed to stand at 4~5°C for overnight was collected by centrifugation, dissolved in a minimum amount of water and dialyzed against deionized water.
The nondialyzable material was then applied to a column of DEAE-cellulose, equilibrated with a 0.01 m acetate buffer (pH 5.8) and the column was washed with a similar buffer. The invertase was retained on the column. The crude glucomannan eluted from the column was rechromatographed on a column of CM-Sephadex C-50 and equilibrated with a similar buffer. The eluate containing the glucomannan was dialyzed against deionized water and freeze dried. The yield was 7.4g.
Analysis for carbohydrate composition. The total carbohydrate content was determined by the phenol-sufuric acid method,5) reducing sugar by the Somogyi-Nelson method,6* sialic acid by the method of Svennerholm,7) and hexosammeby the method of Bhx;8) the samples were first hydrolyzed with 4.0N HC1 at 100°C for 8 -14hr, and then analyzed as described above.
Carbohydrates were identified by thin layer chromatography (TLC) at 28°C on a D.C. Fertig Platten Kiesel Gel 60 plate (20 x 20cm, 0.25mm thickness, Merck Co.) with the solvent systems of 1-butanol-pyndine-water (6. 4 *3 and 8: 1 : 1), and ethyl acetate-pyridine-water (8:2-1).
The location of the sugars was detected by spraying with a reagent of anisaldehyde and sulfunc acid followed by heating at 1 10°C for 5 mm. A gas liquid chromatography Infrared spectrometry. The infrared spectra of the glucomannan (Crude glucomannan, Fr. 1, 2, 3) were taken as KBr disks with a JASCO IRA-2 grating IR spectrophotometer.
RESULTS

Extracellular production of glucomannan by Candida utilis
Candida utilis produces extracellularly glucomannan together with invertase. The relationship between cell growth and accumulated glucomannan and invertase is shown in Fig. 1 . Although about 80% of the glucose in the mediumwas consumedby the 12th hr of cultivation, cell growth still continued up to the 48th hr. The extracellular production of glucomannanand invertase began at about the 16th hr of cultivation and the rapid increases in their production were rather well correlated with the consumption of glucose in the medium. Since the proportions of heterogeneous glucomannanwhich accumulated in the medium did not seem to vary with the length of cultivation, usually the glucomannan was isolated from the culture filtrate after 72hr of cultivation.
As an average one liter of the culture broth contained 1.14x lO5 units of invertase, 1.56g of polysaccharide and 30.6g of cell mass.
Separation
and partial purification of glucomannan The first step in the isolation of glucomannanwasa precipitation from the culture filtrate using acetone. About 60% of the total polysaccharide in the culture filtrate was recovered in the precipitate, but it was still contaminated with invertase and other substances. The solubility of the precipitate in water or the acetate buffer was rather low, and on average only 50.4% of the precipitate was soluble in water.
The water soluble portion of the crude preparation was fractionated by DEAEcellulose chromatography using the procedure described under Materials and Methods. The polysaccharide fraction obtained by this step was analyzed, and the results are summarized in Table I . As can be seen in the table, Fig. 2 . About 67% of the total glucomannan was eluted first with water and another 20% of the total was found in the eluate with 0.1 -0.25m NH4HCO3.From the final eluate 12% of the glucomannan was recovered. Fr. 1, Fr. 2 and Fr. 3, corresponding to each of the three peaks indicated in Fig.  2 , were chemically characterized and the re- -#-, total sugar content; à"à" à"O * à" *, absorbance at 480nm , NH4HCO3 concentration. 
DISCUSSION
The extracellular accumulation of glucomannantogether with invertase was observed during the growth of wild yeast, Candida utilis. The time course for the production pattern of both substances is very characteristic, that is, a sharp increase in production takes place -#-, total sugar content as mannose determined by the phenol-H2SO4 method; à" à" à" O à" à" à" , absorbance at 280nm.
63 min 73 min 83 min Fig. 6 . Sedimentation Pattern ofFr. 2 in 0.10m NaCl. Sedimentation was carried out using the MOMmodel 3170/b ultracentrifuge.
The lyophilized Fr. 2 (3.5 mg) was dissolved in 0.5 ml of0.1 m NaCl and centrifuged at 55,000 rpm at 20°C. The photographs were taken at the indicated times after full speed was reached.
after almost all of the glucose in the medium is consumed.
According to preliminary observations, the glucomannan produced extracellularly had different properties from that obtained from the cell wall of C. utilis. In order to make this clear, the chemical characterization and the study of the biological role and function of the glucomannan are being started. Although the glucomannan could be easily separated from the invertase by means of DEAE-cellulose chromatography, the crude glucomannan thus obtained still contained several kinds of glucomannanas indicated by the elution profiles on both DEAE-Sephadex A-25 and Sephadex G-100 column chromatography. Using DEAE-Sephadex A-25 to fractionate the crude glucomannanaccording to electrical charge was successful in separating it into its constituents. Apartial characterization of the three representative glucomannanfractions revealed that the glucomannansin these fractions were different from one another, although the constituents of two of the three fractions were not homogeneous. The molecular weight was determined only for the homogeneous component Fr. 2, and found to be 7.4x104 daltons. This fraction was also subjected to a structural study and the results will be reported later. The glucomannan produced by C. utilis were not homogeneous. They were also accompanied by protein moieties. The ratio of protein to polysaccharide changed little in the purification procedure. Among the fractions, the glucose content decreased in the order of Frs. 1, 2, 3, while the number ofamino acids detected decreased in the order of Frs. 3, 1, 2.
Moreover, only seven amino acids were detected in Fr. 2. Fraction 2 is also distinctly different from the other fractions as the only fraction which had no glucosamine residue as a component. Table III Namely, during treatment of the glucomannan Fr. 2 with O.In NaOHat 25°C, an increase was observed in the UV absorbance at 222.5nm, which is due to cleavage at the linkage between the sugar residue and the hydroxyl group of serine and/or threonine. In addition, the treated glucomannanwas observed by TLCto have released a protein moiety.
Another interesting property of the glucomannan is its insusceptibility to common hemicellulolytic enzymes. The susceptibility of the crude glucomannan to several hemicellulolytic enzymes was examined and the results are summarized in Table IV . The only enzyme which partly hydrolyzed the glucomannanwas the a-mannosidase purified from the culture filtrate of Arthrobacter sp.
GJM-1. Crude glucomannan was hardly hydrolyzed by any other enzyme tested, though each of them is a mixture of many types of hydrolases. The insusceptibility of glucomannan to hemicellulolytic enzymes examined cannot be explained at the present.
Many of the enzyme preparations examined contained a-mannosidase which may be similar to that of Arthrobacter GJM-1. However, the observed contradiction may be derived from the inaccessibility of the enzyme to the substrate in a multi-enzyme system. The biological role and function of the glucomannan produced by Candida utilis still remain to be examined. 
